PUFFING GUN, designed
specifically for fruits
and vegetables, has 10-
in. diam and is 30 in.
long, and is shown here
in position for rotation.
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Superheated Steam

Aids Explosive Puffing

In making quick-cook dehydrated products,
superheated steam supplements external heating of puffing gun.
Process for diced carrots is described

EXPLOSIVE PUFFING of fruits
and vegetables to produce quick-
cooking dehydrated products has
received wide publicity (1, 2, 3, 4,
5, 6). The apparatus originally em-
ployed was an externally heated
“gun” of the type used in cereal
puffing. It was ill-suited to the new
process because of its massive
construction and low capacity.

A gun specifically for fruits and
vegetables has now been designed
(7, 8). It is 10 in. in diameter, 30
in. long (see photo).

In contrast to cereal-puffing
guns, the barrel is thin gauge, the
lid is lightweight and capable of
rapid opening at low pressures.

And the heating surface per unit
volume is increased by internal
ribs, integral with the shell. That
permits quicker come-up time, bet-
ter puffing, and approximately a
doubled capacity.

The gun has also been equipped
for the introduction of super-
heated steam to supplement ex-
ternal heating with gas burners.
The overall results are larger
charges and a marked increase in

the number of charges that can be

processed per hour.
Somewhat different conditions
of operation are required with this

~gun than have been previously

described where external heating

alone was used. In general, the
material is charged to the gun at
a lower moisture than previously,
since some slight steam condensa-
tion may take place.

To minimize condensation, the
charge is pre-warmed by tumbling
in the gun at a predetermined shell
temperature for approximately 1%
min. The superheated steam is
then admitted and external heat-
ing is continued until the desired
pressure is reached, usually in
about 1 min. These conditions are
maintained for % min, before dis-
charging.

Working With Carrots

For carrot pieces, e.g., 3-in.
dice, the optimum‘puﬁing condi-
tions .are as follows: The pieces,



prepared as previously described
(2), should be dried in hot air by
any conventional means to a mois-

ture content between about 20 and

30%.
The gun temperature, as meas-
ured by a sliding thermocouple on
the external surface, is brought to
between 340 and 350F by exter-
nally heating the rotating empty
gun. Rotation is stopped, the gun
is tilted to charging position and
a 20-1b charge is put in.
After tilting to a horizontal
position, rotation is immediately
started and the shell temperature
is maintained between 340 and
350F with the gas burners for 1%
min. Experience has shown that
the charge will then have reached
such a temperature that no objec-
tionable amount of condensation
takes place upon admitting the
steam., ‘
Steam is admitted—superheated
to a temperature somewhat above
that of saturated steam at 35 1b
per-sq-in. gage pressure (305F).
Since some heat loss is inevitable
between the outlet of the super-
heaters and the point of entrance
to the pressure chamber of the
gun, the steam may have to be
heated as high as 500F. That en-
sures slightly superheated steam
~ actually entering the gun. A small
aperture in the lid permits escape
of air and allows steam to flow,
thereby accelerating heating.

. The pressure in the gun will
reach 35 psig in about 1 min. Op-
eration is continued for % min
after pressure has been reached.
The gas is then turned off, the
gun is tilted to 221% deg below
the horizontal, which is the nor-

mal firing position, and the lock
on the lid is then tripped.

The charge, with its water con-
‘tent slightly superheated, bursts
from the gun and acquires a por-
ous structure because some of
the superheated water flashes in-
stantly into vapor. The steam is
turned off immediately after firing,

Drying Within Limits

The puffed product is then dried
in hot air employing conditions
already described (2). The time to
dry to 4% moisture is about one-
half that required for unpuffed
pieces. Although puffing may be
accomplished using carrots below
about 20%, no useful purpose is
served thereby. Experience has
shown that drier products merely
regain more moisture in the gun.

Moreover, when the moisture in
the material to be puffed is below
about 20%, scorching occurs and
the rehydration ratio tends to fall
off. Obviously, puffing should be
done at the highest feasible mois-
ture in order to take advantage of
the accelerated drying rate of
puffed products.

The performance of this gun on
a pilot plant scale has been so
satisfactory that it is’ believed to
be suitable for commercial use—
especially in small operations
where flexibility is desired and a
variety of commodities is being
processed. Construction drawings
of the unit are available by writ-
ing “to Eastern Utilization Re-
search and Development Division,
600 East Mermaid Lane, Philadel-
phia, Pa. 19118.- (End)

REFERENCES

1. Eisenhardt, N. H., Cording, J. Jr., Eskew,
R. K., and Sullivan, J. F. “Quick-Cooking De.
}f.yc:ratﬁed dVégetabl;' I;iecos. % Properties of

otato and Carrot Products.” Food Technology,
Vol. 16, (5), 143-146, 1962. oo

2. Cording, J. Jr., Eskew, R. K., Sullivan,

F., and Eisenhardt, N. H. ““Quick-Cooking
Dehydrated Vegetables.” Food Engineering,
Vol. 385, (6), 52-55, 1963.

3. Sullivan, J. F., Cording, J. Jr., and Eskew,
R. K. "“Quick-Coolging Dehydrated Sweet ;’:.

toes.” Food Engineering, Vol. 35, (11), 59-
60, 1963.

4. Eisenhardt, N. H., Eskew, R. K., and
Xordl.mg, J:i Jg] “Pl_)lxpliosive 1‘I:uﬁ‘ing Applied to
pples an ueberries.” Food Engi i
Vol. 36, (§), 53-55, 1964. Fleering:

5. Cording, J. Jr., Sullivan, J. F., and
Eskew, R. K. “Quick-Cooking Dehydrated
Potato Pieces.” Food Engineering, Vol. 36,
(6), 49-52, 1964.

6. “Explosion Puffing.” Agricultural Re-
seareh, Vol. 12, No. 10, 3-4, 1964.

7. Eskew, R. K., and Gelber, P. “Design
Faster Puffing Gun for Drying.” Food Proces-
sing, Vol. 25, (10), 70-72, 87, 1964.

8. Heiland, W. K., and Eskew, R. K. “A
New Gun for Explosive Puffing of Fruits and
Vegetables.” ARS 173-47, 8 pp., April 1965,



